US009167050B2

a2 United States Patent

Durazzo et al.

US 9,167,050 B2
Oct. 20, 2015

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(60)

(1)

(52)

(58)

CONTROL POOL BASED ENTERPRISE
POLICY ENABLER FOR CONTROLLED
CLOUD ACCESS

Applicant: Futurewei Technologies, Inc., Plano,

TX (US)

Inventors: Kenneth Durazzo, San Ramon, CA
(US); Shree Murthy, San Jose, CA (US)

Assignee: Futurewei Technologies, Inc., Plano,
TX (US)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 40 days.

Appl. No.: 13/732,159

Filed: Dec. 31, 2012
Prior Publication Data
US 2014/0053280 Al Feb. 20, 2014

Related U.S. Application Data

Provisional application No. 61/684,022, filed on Aug.
16, 2012.

Int. Cl1.

HO4L 29/08 (2006.01)

HO4L 29/06 (2006.01)

U.S. CL

CPC ........... HO04L 67/32 (2013.01); HO4L 63/0281

(2013.01); HO4L 63/10 (2013.01); HO4L 63/20
(2013.01); HO4L 67/1097 (2013.01); HO4L
67/306 (2013.01)

Field of Classification Search
CPC ... HO4L 9/0802; HO4L 63/10; HO4L 67/32;
HO4L 63/0281; HO4L 63/20, HO4L 67/1097,
HO4L 67/306; GOG6F 21/45

300

USPC oot 726/2-21, 26-30
See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

6,212,635 B1* 4/2001 Reardon ................. 713/165
6,226,750 B1*  5/2001 Trieger ........ccocccovenene 726/3
7,769,722 B1* 8/2010 Bergantetal. .. ... 707/681
7,953,865 B1* 5/2011 Milleretal. ................. 709/227
8,290,152 B2* 10/2012 Montgomery etal. ........ 380/44
8,316,237 B1* 11/2012 Felsheretal. ............... 713/171
8,321,688 B2* 11/2012 Auradkar etal. ... .. 713/189
8,341,427 B2* 12/2012 Auradkar etal. ... . 713/192
8,447,981 B2* 5/2013 Liangetal. ..... . 713/171
8,528,067 B2* 9/2013 Hurryetal. .....cccoocvennnne 726/9
8,566,247 B1* 10/2013 Nageletal. ....cccecoevneee. 705/59
8,566,578 B1* 10/2013 Banerjee .......c.cccccoeuene. 713/153
(Continued)
OTHER PUBLICATIONS

Foreign Communication From a Counterpart Application, PCT
Application No. PCT/US2013/054487, International Search Report
dated Oct. 9, 2013, 4 pages.

(Continued)

Primary Examiner — Joseph P Hirl

Assistant Examiner — J. Brant Murphy

(74) Attorney, Agent, or Firm — Conley Rose, P.C.; Grant
Rodolph; Brandt D. Howell

(57) ABSTRACT

A method for controlling access to a Cloud, comprising
receiving traffic from an Enterprise user at a gateway, wherein
the traffic carries a first key specific to the Enterprise user for
use internal to the gateway, replacing the first key with a
second key, wherein the second key is a Cloud-negotiated key
generic to a plurality of Enterprise users which permits access
to the Cloud, and sending traffic to the Cloud.

13 Claims, 6 Drawing Sheets

REDIRECTOR FRCOM AN ENTERPRISE USER

| ENTERPRISE POLICY ENABLER RECEIVES TRAFFIC AT A SELECTIVE }4 302

| THE SELECTIVE REDIRECTOR ROUTES TRAFFIC TO A SECURE PROXY lg 304

i

THE SECURE PROXY RECEIVES AND DECRYPTS ENCRYPTED TRAFFIC, | 206
SENDS TRAFFIC IN CLEAR TO THE PACKET PARSER AND VALIDATOR

THE PACKET PARSER AND VALIDATOR PARSES THE DATA INTO

OPAQUE TOKENS AND VALIDATES THE PACKET, COLLECTING
STATISTICS AS APPROPRIATE. THE PACKET PARSER AND
VALIDATOR SENDS THE TOKEN TO THE RULE ENGINE.

i

RULE ENGINE RECEIVES TOKENS, ENFORCES

~- 308
| BUSINESS POLICIES, AND SENDS TRAFFIC TQ THE ADAPTER

I\’ 310

ADAPTER RECEIVES TRAFFIC, MODIFIES THE DATA AS REQUIRED,
AND SENDS IT TO A CLOUD ABSTRACTICN LAYER, THE CLOUD - 312
ABSTRACTION LAYER SENDS THE TRAFFIC TO THE SECURE PROXY.

i

| SECURE PROXY FORWARDS THE TRAFFIC TO THE SELECTED

CLOUD INFRASTRUCTURE I‘ 34




US 9,167,050 B2

Page 2
(56) References Cited 2011/0311055 Al* 12/2011 Parann-Nissany ........... 380/278
2012/0005724 AL*  1/2012 L€ coooorevreireis e 726/1
U.S. PATENT DOCUMENTS 2012/0030737 Al* 2/2012 Paganetal. ...... . 72605
2012/0072992 Al*  3/2012 Arasaratnametal. .......... 726/26
8,621,220 B2* 12/2013 Lynch .ovcoovvveceernrnnnnn. 713/171 2012/0185913 Al* 7/2012 Martinez et al. .................. 726/1
8,625,802 B2* 1/2014 Parann-Nissany . 380/278 2012/0198268 Al* 82012 Qureshi ........ . 714/4.1
8813225 BL* 82014 Fulleretal. ... 72623 2012/0222106 Al* 82012 Kuehl ... . T26/11
2002/0059371 Al*  5/2002 Jamailetal. . 709/203 2012/0240113 Al*  9/2012 Hur .......... o 71871
2003/0061506 Al*  3/2003 Cooper et al. 713201 2012/0290647 Al* 11/2012 Ellison et al. . ... 709/203
2004/0083393 AL*  4/2004 Jordan etal. .. T 230 2012/0296977 Al* 11/2012 Ellison et al. . . 709/204
2005/0038848 Al* 2/2005 Kaluskar et al. o 7097201 2012/0304277 A1* 112012 Lietal. .o 726/12
2006/0048142 Al* 3/2006 Roese et al. . T717/176 2013/0042106 Al* 2/2013 Persaud et al. ... 713/165
2006/0294373 A1* 12/2006 Stamos et al. .. e 7137165 2013/0080509 AL*  3/2013 Wang ....... e 7097203
2009/0086978 Al*  4/2009 McAvoy et al. o 380/279 2013/0160105 AL* ~ 6/2013  Huang et al. - 726/8
2009/0239531 Al*  9/2009 Andreasen et al . 455/433 2013/0204849 AL*  8/2013 Chacko ... 707/692
2009/0313466 Al* 12/2009 Naslund et al. . o T13/155 2013/0238752 AL*  9/2013 Park etal. . - 709217
2010/0191783 Al* 7/2010 Masonetal. ... .. 707/822 2014/0019753 Al* 12014 Lowryetal. ....cocoeeen 713/155
2010/0211781 Al*  8/2010 Auradkar et al. o 713/168
2010/0211782 Al1*  8/2010 Auradkar et al. ... 713/168 OTHER PUBLICATIONS
2010/0325199 AL* 12/2010 Park et al. cccoooorerrerners 709/203
%81(1); 833% }‘g ﬁi: 1%; %8}(1) graMh!ild ett all' ~~~~~~~~~~~~~~~~ ;éggég Foreign Communication From a Counterpart Application, PCT
5011/0072485 AL* 39011 Pzrailﬁ-;issar& ' e Application No. PCT/US2013/054487, Written Opinion dated Oct.
2011/0219434 Al*  9/2011 Betzetal. .... . 726/5  9,2013,5 pages.
2011/0225423 AL*  9/2011 Lynch .......... 713/171
2011/0277026 Al* 112011 Agarwaletal. ......cccooeuce.c. 726/8 * cited by examiner




U.S. Patent Oct. 20, 2015 Sheet 1 of 6 US 9,167,050 B2

~110

100 - 120




US 9,167,050 B2

Sheet 2 of 6

Oct. 20, 2015

U.S. Patent

SAUNOSAY
ano

ERIEE(Y
HONVYg

IVYLINAD
viva

10¢

-— 00¢

ALIINT INIWIUNSYIN HIAVT NOLLOVYLSEY
ONY ¥OLINOW IALLOY galdvav anom
AT
0z 70T

o e e e e e e e e
" SEETEEE _ ANIONZ 90C 1 WOLVAIWA® | | AXO¥d | | HOLORIGIY
| oroafsEsn Llezz 3Ny viva | ¥3Suvd {DOvd [ | FUN0as IALLDITIS
1 S — Q3ZININOL I
| “ w _ 807 "
| oo T -3 it

OIS ALLINAAT) > !
" O3S e Rl P

e =
I A
b ! e
| [ SOLLSLLVIS B “ 2 o 1
{ | NOLLVIWYO4NI B
T v & S () K UIAYT IdY
I ] L-7zz 817 — RANLONYLSVHANI
f So—— | ASTIdYALING
| o

S1Z—
UNIONYLSYEANI
072~ 3STUdYaLINT anom
ONILSIXT




U.S. Patent Oct. 20, 2015 Sheet 3 of 6 US 9,167,050 B2

300 /\

ENTERPRISE POLICY ENABLER RECEIVES TRAFFIC AT A SELECTIVE

REDIRECTOR FROM AN ENTERPRISE USER 302

J
THE SELECTIVE REDIRECTOR ROUTES TRAFFIC TO A SECURE PROXY }‘—~ 304

THE SECURE PROXY RECEIVES AND DECRYPTS ENCRYPTED TRAFFIC,

SENDS TRAFFIC IN CLEAR TO THE PACKET PARSER AND VALIDATOR | 306
THE PACKET PARSER AND VALIDATOR PARSES THE DATA INTO
OPAQUE TOKENS AND VALIDATES THE PACKET, COLLECTING 308
STATISTICS AS APPROPRIATE. THE PACKET PARSER AND
VALIDATOR SENDS THE TOKEN TO THE RULE ENGINE.
RULE ENGINE RECEIVES TOKENS, ENFORCES 310

BUSINESS POLICIES, AND SENDS TRAFFIC TO THE ADAPTER

|

ADAPTER RECEIVES TRAFFIC, MODIFIES THE DATA AS REQUIRED,
AND SENDS IT TO A CLOUD ABSTRACTION LAYER, THECLOUD  p—312
ABSTRACTION LAYER SENDS THE TRAFFIC TO THE SECURE PROXY.

SECURE PROXY FORWARDS THE TRAFFIC TO THE SELECTED
CLOUD INFRASTRUCTURE

FIG. 3

~— 314




US 9,167,050 B2

Sheet 4 of 6

Oct. 20, 2015

U.S. Patent

¥3ALdvay
-
F—_————————
! 90y 301440 HONVAg
! IHOWD I 80b — mw_.m_ww_m_ moEM_:<> ) XONd TS 14O HONY
gzv+d Aorodrdasn || viva | ¥3suvd L3ovd e
I I o I Q3ZININOL I
I 3 I vor -
I 3 i
_ I B - _ o
| [ROLS ALLINaaT) | & _
9tk TINO3S I L
_ I %
| I c
| (OusLvIs s | > |~otv __ oov
vzp 1| NOLLVWNOINT | I 0
JWLLNNY “
e e e e — J
STH
anom



U.S. Patent Oct. 20, 2015 Sheet 5 of 6 US 9,167,050 B2

500 ’\

I SECURE PROXY RECEIVES TRAFFIC FROM THE CLOUD F 502

I DECRYPT TRAFFIC / SEND TO PACKET PARSER AND VALIDATOR I*v 504

PACKET PARSER AND VALIDATOR PARSES THE DATA INTO OPAQUE | 506
TOKENS, VALIDATES THE PACKET, AND COLLECTS STATISTICS

RULE ENGINE TAKES ACTION(S) BASED ON INFORMATION CONTAINED| 508
IN THE PACKET, SENDS TRAFFIC TO THE ADAPTOR

|

PACKET IS ADAPTED AS APPROPRIATE AND SEND TO THE ENTERPRISEY 510
USERS THROUGH SECURE PROXY

FiG. 5




U.S. Patent Oct. 20, 2015 Sheet 6 of 6 US 9,167,050 B2
600 '”‘\ I/O
610
SECONDARY ROM ~— 606
STORAGE PRO‘(;S;SOR
604 = RAM ~— 608
NETWORK
612
700 '\
NETWORK UNIT
710 730
INGRESS | N EGRESS
PORTS R;( LOGIC UNIT ';X PORTS
712 720 g3




US 9,167,050 B2

1
CONTROL POOL BASED ENTERPRISE
POLICY ENABLER FOR CONTROLLED
CLOUD ACCESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 61/684,022, filed Aug. 16, 2012 by Kenneth
Durazzo and Shree Murthy titled “Enterprise Policy Enabler
for Controlled Cloud Access,” which is incorporated herein
by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

Not applicable.

BACKGROUND

Workload virtualization is a fundamental enabler for an
Enterprise’s transition to the Cloud. Enterprises may be any
organizations which use computers, comprising corpora-
tions, small businesses, non-profit institutions, governmental
bodies, etc., and Enterprise users may be individual users of
Enterprise computers. Due to various benefits of the public
Cloud (i.e., a non-local computing resource accessed via a
network infrastructure), including reduced capital expendi-
tures (CapEx), scalability, flexibility, elasticity, pay as you
grow models, etc., various Enterprises owners, users, and/or
administrators may wish to migrate applications and
resources into the Cloud.

In the changing world of Information and Communication
Technology (ICT) and resource virtualization, public/private
Cloud integration is pivotal to Enterprise Information Tech-
nology (IT). However, security, compliance, transparency,
management and control concerns, as well as the diverse
nature of the associated policies, make Cloud adoption chal-
lenging.

Public Clouds may be shared, generic infrastructures built
to support multiple users. The generic infrastructure of the
Cloud may not meet the purpose-built Enterprise mandated
business policies, transparency, security and control require-
ments. One challenge of an Enterprise IT organization is how
to take advantage of the public Cloud while (a) maintaining
the governance and control necessary to meet the Enterprise’s
business requirements, and (b) keeping the complexity of the
new paradigm manageable.

SUMMARY

In one aspect, the disclosure includes a method for control-
ling access to a Cloud, comprising receiving traffic from an
Enterprise user at a gateway, wherein the traffic carries a first
key specific to the Enterprise user for use internal to the
gateway, replacing the first key with a second key, wherein the
second key is a Cloud-negotiated key generic to a plurality of
Enterprise users which permits access to the Cloud, and send-
ing traffic to the Cloud.

In another aspect, the disclosure includes a method for
exchanging data between an Enterprise and a Cloud, com-
prising receiving traffic from an Enterprise user at an Enter-
prise Policy Enabler, evaluating the traffic based on informa-
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tion specific to the user, information specific to the resource
being accessed, or both, applying a policy on the traffic at the
Enterprise Policy Enabler based on the results of the evalua-
tion, and sending traffic to a destination Cloud.

In yet another aspect, the disclosure includes an apparatus
comprising a processor configured to establish an integration
layer, wherein the integration layer comprises an Enterprise-
facing control pool configured to receive data ingress from an
Enterprise user, apply a first policy to the data, and send data
to at least one Cloud, and a Cloud-facing control pool con-
figured to receive data ingress from the at least one Cloud,
apply a second policy to the data, and send data to the user,
and wherein changes to the policy of one control pool do not
affect the policy of the other control pool.

These and other features will be more clearly understood
from the following detailed description taken in conjunction
with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this disclosure, ref-
erence is now made to the following brief description, taken
in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like
parts.

FIG.1is aschematic diagram of an embodiment of'a Cloud
service system.

FIG. 2 is a schematic diagram of an embodiment of a
control domain or control pool of an Enterprise Policy
Enabler.

FIG. 3 is a flowchart describing a method of processing
outbound traffic using an embodiment of an Enterprise Policy
Enabler.

FIG. 4 is a schematic diagram of another embodiment of a
control domain or control pool of an Enterprise Policy
Enabler.

FIG. 5 is a flowchart describing a method of processing
traffic inbound traffic using an embodiment of an Enterprise
Policy Enabler.

FIG. 6 is a schematic diagram of an embodiment of a
general-purpose network component.

FIG. 7 is a schematic diagram of an embodiment of a
network unit.

DETAILED DESCRIPTION

In one aspect, the disclosure includes a single-platform
complete Cloud- or Enterprise-deployable integration layer
that uses various policies and data controls to permit an Enter-
prise to treat one or more Clouds as an extension of the
Enterprise. The integration layer may further permit one or
more Clouds to specify certain access protocols and/or other
configurations for accessing the particular Cloud. The inte-
gration layer further permits complete isolation of the Enter-
prise and the Cloud(s) such that changing the policies, pro-
tocols, data controls or configurations on one side of the
integration layer will not affect the other side of the integra-
tion layer. Thus, the integration layer comprises two “control
domains” or “control pools” (e.g., one on the Cloud side, i.e.,
Cloud-facing, and one on the Enterprise side, e.g., Enterprise-
facing), and the policy and control within each domain is
independent of the other domain. Alternately, this disclosure
allows for discrete management of a deployed device by
segmenting and isolating the system into two control pools,
one facing each entity, which upon configuration will not
permit either entity to control the entire system, while still
permitting each entity full control of their portion of the
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system. For example, a Cloud may control and configure a
Cloud-facing interface, an Enterprise may control and con-
figure an Enterprise-facing interface, and the two configuring
interfaces may share no configuration or administration data.

In another aspect, the disclosure includes a configurable
proxy-based abstraction layer which may render Enterprise
users opaque to one or more Clouds. The proxy-based inter-
face abstraction may further render one or more Clouds
opaque to Enterprise users. For example, in one embodiment,
the Enterprise authentication, localized within the deployed
system, may be presented to the Cloud as a single opaque
user, thereby keeping the Enterprise users only configured
within the Enterprise. Certain embodiments permit an Enter-
prise administrator to configure a service pool of Cloud pro-
viders such that policy attributes may guide which Cloud
Enterprise users may access in a given circumstance.

In another aspect, the disclosure includes a gateway-based
system and method for controlling Enterprise users’ access to
one or more Clouds (and thereby further preventing gateway
circumvention) using a Cloud-negotiated key and an internal-
use artificial key, wherein users are issued an internal-use
artificial key for interfacing with the gateway, and the gate-
way securely maintains the Cloud-negotiated key permitting
access to one or more Clouds. The disclosure may segment
the Enterprise user-to-Cloud transaction into three parts: 1)
Enterprise user to gateway, 2) gateway to Cloud, and 3) map-
ping between Enterprise user and gateway. In the first part, the
Enterprise user and the gateway may establish a unique secu-
rity session and key, the key being unique to the Enterprise
user and as permanent as required by the Enterprise system
administrator. In the second part, the gateway may establish a
session and unique key with the remote Cloud service, where
the key is unique to the gateway. In the third part, the gateway
may map the Enterprise user key and Cloud key, keeping
records and track of sessions. In such a system, if the Enter-
prise user attempted to access the Cloud from a non-gateway
enabled area, e.g., from a public WLAN, the Enterprise user
would be unable to establish a session because the Cloud
would expect the Enterprise user key supplied by the gateway,
which the Enterprise user would not have. Consequently, the
Enterprise users’ access to one or more Clouds may be con-
trolled using the gateway.

In another aspect, the disclosure includes a system and
method for providing granular control over an Enterprise
user’s Cloud-bound requests based on user-specific informa-
tion, e.g., limiting access based on download restrictions,
location of the user, identity of the user, device type (e.g.,
mobile device vs. desktop), the object/resource being
accessed, and/or other factors specific to the user. This func-
tionality may bind intelligent policies, which may reside in
separate policy control points, permitting aggregation and
application within the gateway. These policies may be based
on user or user-group identity, and also on properties associ-
ated with the user such as location of the user, access type,
device type, the object/resource being accessed by the user,
etc. Using the disclosed mechanisms, an Enterprise adminis-
trator may ensure that only specified users on specific devices
or locations may access content stored within a particular
Cloud. The disclosed system and method may accomplish the
above by examining packets up to the application level by
looking at different aspects of the request and/or response to
determine how to handle the request and/or response based on
static and dynamic inputs. Rather than simply prevent access
to a system or network, e.g., like a conventional firewall, the
disclosed system and method may be configured to perform
additional tasks, e.g., encryption of objects, compression,
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optimization, traffic steering, or traffic distribution based on a
separate factor, e.g., load factor, time of day, cost, available
bandwidth, etc.

In another aspect, the disclosure includes a system and
method for providing granular control over an Enterprise
user’s Cloud-bound requests based on the content of the data,
e.g., requiring specific storage locations based on data clas-
sification, encryption, compression, etc., and/or based on
user-external information, e.g., Cloud loading, response
times, throughput, time of day, active monitoring block. In
one embodiment, the abstraction may allow the policy to
guide where the object should be placed for a particular
service. For example, the policy may provide for security
services, precluding placing certain objects in the public
Cloud. If an Enterprise user attempted to place such objects in
the public Cloud, the policy may be invoked by the gateway
and the object may be redirected without user knowledge or
intervention to a new location. Upon subsequent retrieval of
the object, the end user may still be unaware that the object
was not stored in the intended Cloud location, but rather was
rerouted to an alternate storage location. In another embodi-
ment, the disclosure provides a mechanism for Enterprise
users to use a Cloud resource based on the requirements of the
Enterprise user. Such embodiments may use an active moni-
toring entity to monitor the performance (e.g., throughput,
response time, etc.) of a Cloud resource and distribute the
users to best available Cloud resource based on the monitor-
ing results. This mechanism may enable load distribution,
disaster recovery, and/or other beneficial system functional-
ities.

Any or all of the above aspects of the disclosed system and
method may be carried out in conjunction with an embodi-
ment of the disclosed Enterprise Policy Enabler, which may
also be referred to herein as an integration layer or a gateway.
The Enterprise Policy Enabler may provide a set of software
functions that enable multi-entity configuration, Cloud ser-
vice abstractions, and the application of aggregated Enter-
prise policies for Cloud based traffic. The Enterprise Policy
Enabler may include a dual persona/hybrid configuration
model for the isolation of portions of the system configura-
tion. The Enterprise Policy Enabler may also provide for
aggregation of Enterprise policies applied to Cloud services
while an Enterprise Information Technology (IT) administra-
tor retains granular control over the specific users and/or
policies. Additionally, the Enterprise Policy Enabler may pro-
vide new security models which allow the Cloud to be
adopted using intelligent policies for users/objects/devices
and traffic types.

The Enterprise Policy Enabler may be deployably disposed
on any suitable device, e.g., in the branch office router, in the
data center switch, in a node of the Cloud, or another network
node. In a branch office, split tunneling may be adopted to go
directly to the Cloud rather than directing all the traffic
through the data center. If so configured, the Cloud enabler
may ensure that the policies are consistently enforced for
Cloud-bound traffic. Placement of the software in the data
center may ensure that all the Cloud-bound traffic through the
data center is subject to the Enterprise specific policies and
third-party provider-specific service level agreements
(SLAs), thus behaving as an intermediary for Cloud access.

FIG.1is aschematic diagram of an embodiment of'a Cloud
service system 100. Content storage and dissemination to,
from, and throughout the Cloud may be based on public
network or Cloud infrastructures, which may support or pro-
vide relatively large scale content processing, storage, and
distribution for dynamically authorized data receivers (e.g.,
content routers). The Cloud service system 100 may have a
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three-layer architecture that comprises a content/data storage
layer 110, a content/data distribution layer 120, and a content/
data consumption layer 130. The content/data storage layer
110 may be a centralized content storage service that is pro-
vided by a Cloud service provider. The content/data distribu-
tion layer 120 may be a content delivery network (or service)
that provides content distribution over a public network. The
content/data consumption layer 130 may comprise an Enter-
prise 134 with various devices connected to each other via a
network, e.g., a local area network (LAN) or wide area net-
work (WAN).

The content/data storage layer 110 may be implemented
using a Cloud infrastructure or service and may comprise one
or more storage services 114 and/or one or more Cloud-based
application services 116. The storage services 114 may com-
prise any network components or devices (e.g., computers,
storage devices, and/or memory devices) configured for stor-
ing data in a network or data center.

The Cloud service system 100 may also comprise or may
be coupled to one or more third parties 132, e.g., a software as
a service (SaaS) or an on-demand streaming media provider,
which may publish content via one or more interfaces pro-
vided by the Cloud-based application services 116. The third
parties 132 may optionally publish content data using any
suitable device, computer, or network component, such as
servers, personal computers (PCs), and/or similar devices.
The Cloud-based application services 116 may be configured
to receive the content from the third parties 132 and store the
content in the storage services 114. The Cloud-based appli-
cation services 116 may also process the content stored in the
storage services 114, e.g., via Cloud storage application pro-
gramming interfaces (APIs).

The content/data distribution layer 120 may comprise a
plurality of routers 124. The routers 124 may comprise con-
tent routers configured to route content data based on name
prefixes and cache at least some of the routed content. The
routers 124 may also comprise other network nodes, such as
other types of routers, bridges, and/or switches that may route
data, e.g., based on different routing schemes. For example,
the routers 124 may also comprise routers that route Internet
Protocol (IP) packets and/or Ethernet packets based on net-
work (e.g., Media Access Control (MAC) and/or IP)
addresses.

The content/data consumption layer 130 may comprise an
Enterprise 134 that may access, obtain or consume content.
The Enterprise 134 may be configured to access the Cloud
system service 100. The Enterprise 134 may include one or
more devices, e.g., computers, network components, mobile
devices (e.g., smartphones and computer tablets), and/or
similar devices, connected to a LAN. The LAN may comprise
a storage device or file server, which may be direct access
storage devices (DASD), coupled to one or more storage
services 114, one or more Cloud-based application services
116, and/or one or more computer systems or terminals 112.

The content data flow in the Cloud service system 100 may
be in the direction from the content/data storage layer 110 to
the content/data consumption layer 130 via the content/data
distribution layer 120 (as shown by the arrows in FIG. 1). The
content data may be published to and stored at the content/
data storage layer 110, routed through and at least partially
cached at the content/data distribution layer 120, and then
delivered to the content/data consumption layer 130. To pro-
vide end-to-end network security and data confidentiality
protection in storage and delivery via the Cloud, the content
data may also be encrypted at Cloud-based storage and deliv-
ery channels, where only authorized end users, e.g., users at
Enterprise 134, may decrypt and access the content.
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FIG. 2 is a schematic diagram of various components of an
embodiment of a control domain or control pool of an Enter-
prise Policy Enabler 200 as it processes data ingress from an
Enterprise user (not pictured). The Enterprise Policy Enabler
200 may include a selective redirector 202 configured to
exchange data with a data center or branch office 201, e.g.,
content/data consumption layer 130 of FIG. 1, a secure proxy
204, a packet parser and validator 206, a rule engine 208, an
active monitor/measurement module 210, an adapter 212, and
a cloud abstraction layer 214 coupled to a destination Cloud
215, e.g., content/data storage layer 110 of FIG. 1. In some
embodiments, Cloud 215 comprises a plurality of individual
Clouds. In some embodiments, Cloud 215 may comprise
Cloud Resource 211. The Enterprise Policy Enabler 200 may
also include a database access API layer 216 and an Enter-
prise Infrastructure Application Programming Interface
(API) layer 218 configured to exchange data with an Existing
Enterprise Infrastructure 220, a database access APl layer 216
configured to exchange data with multiple data stores 222.
The multiple data stores 222 may comprise a runtime infor-
mation and statistics unit 224, a secure key store 226, and a
user/policy store/cache 228.

The selective redirector 202 may selectively redirect traffic
to the secure proxy 204, e.g., a hypertext transfer protocol
(http) proxy. The policies for selectively redirecting the traffic
at selective redirector 202 may be integrated into the platform
implementing the Enterprise Policy Enabler 200. If the traffic
flow from selective redirector 202 is encrypted, e.g., trans-
mitted via a secure connection, secure proxy 204 may decrypt
the traffic flow. Secure proxy 204 may pass the information in
clear, i.e., unencrypted, to the packet parser and validator 206,
e.g., an http parser, a deep packet inspection (DPI) mecha-
nism, etc. The packet parser and validator 206 may examine
the information in clear. The packet parser and validator 206
may extract useful information from the data packets, e.g.,
information contained in an http header. The information
extracted by the packet parser and validator 206 may include,
without limitation, user information, a requested method, a
requested object, a requested Cloud 215, requested Cloud
resources 211, etc. The packet parser and validator 206 may
validate the data by ensuring that the packets are from an
authenticated source, e.g., by verifying that the Enterprise
user has the required access key and credentials in secure
identity store 226, by verifying that the message authentica-
tion is valid, etc. The packet parser and validator 206 may
optionally collect statistical information on packets and/or
may search for protocol non-compliance, viruses, spam,
intrusions, or other defined criteria to decide whether the
packet may pass through to the Cloud 215 or if it needs to be
routed to a different destination. For example, when an Enter-
prise policy disallows storage of the confidential data on a
public cloud, if an Enterprise user intends to store confidential
data in a public cloud, the packet parser and validator 206 may
reroute the confidential data to a secure storage location, e.g.,
a private cloud. The statistical information collected by the
packet parser and validator 206 may be stored in the secure
identity store 224. The packet parser and validator 206 may
convert the data packet information into opaque tokens.
Opaque tokens may be understood as abstract objects, i.e.,
data objects without an associated context, as viewed by the
rule engine 208. The packet parser and validator 206 may be
configured to exchange data packets comprising opaque
tokens with a rule engine 208.

The rule engine 208 may be a software system that
executes one or more policy rules in a runtime production
environment. Some actions performed by the rule engine 208
according to its policy rules may include optionally applying
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security policies, redirection policies, Quality of Service
(QoS) policies, optimization policies, and/or other such poli-
cies known in the art to the traffic before forwarding. The rule
engine 208 may view the extracted elements from the token-
ized data packets received from the packet parser and valida-
tor 206 as opaque tokens, and may extended the rules to other
token objects, e.g., user information, cloud resource, object,
location, device type, method/operation being performed,
etc., as required and as discussed below. The rule engine 208
may utilize the information contained in tokenized data pack-
ets to decide how to handle the traffic. The rule engine 208
may also modify and/or adapt the original request to suit the
appropriate destination’s policies using mechanisms present
in adapter 212 and cloud abstraction layer 214. Enterprise
information technology (IT) administrators may configure
the modifications and/or adaptations as needed to ensure that
the destination’s SLA requirements, if any, are enforced
before forwarding the request. The rule engine 208 may
access and use the user and the policy information present in
the user/policy cache 228, as well as the secure identity store
226. For example, the rule engine 208 may remove origin-
identifying information that clearly indicates the Enterprise
user, e.g., header information, from the traffic and replace
such information with a protected, origin-obscuring Enter-
prise user identification (ID) which does not permit identifi-
cation of the Enterprise user by the receiving party. By using
a protected Enterprise user ID paradigm, the Enterprise
Policy Enabler 200 may render the Enterprise user opaque to
Cloud 215. A similar protocol may be used to control an
Enterprise user’s access to Cloud 215. If an Enterprise user is
issued an internal-use artificial key for interfacing with Cloud
215, the rule engine may replace the artificial key in the traffic
with a Cloud-negotiated key which permits access to the
Cloud 215. Additionally, if an Enterprise user’s traffic indi-
cates (a) that it originates from a particular user or user-class
(e.g., supervisor, employee, I'T administrator, etc.), location
(e.g., the United States, Europe, a corporate office, etc.),
device type (e.g., mobile device, desktop, etc.), or other user-
specific information; (b) that access to a particular object/
resource is requested (e.g., secure backup information, con-
fidential information, etc.), etc.; or (c) that a specific
taxonomy of data is contained (e.g., classified, encrypted,
compressed, etc.), the rule engine 208 may apply forwarding
or restriction rules to reroute, intercept, or deny traffic such
access, and may optionally send traffic to an alternate Cloud
within Cloud 215 (when Cloud 215 comprises a plurality of
individual Clouds), or to alternate Cloud resources 211 to
accomplish the request. Such rerouting may be opaque to the
Enterprise user in that the Enterprise user is unaware of the
rerouting.

An active monitor/measurement module 210 may be con-
figured to receive information from one or more Cloud
resources 211. Although depicted separately, in some
embodiments Cloud resources 211 may be integral to Cloud
215. In embodiments wherein Cloud 215 comprises a plural-
ity of individual Clouds, Cloud resources 211 may be located
on one or more individual Clouds. The active monitor/mea-
surement module 210 may monitor the performance, e.g.,
bandwidth, response time, latency, congestion, network loss,
gating speeds, etc., of one or more Cloud resources 211 and,
depending on the requirements, inform the rule engine 208 to
selectively distribute the data traffic to available Cloud
resources 211 as needed to meet the requirements of the
users’ requests and SLLAs. The actions taken on the traffic at
the rule engine 208 as informed by the active monitor/mea-
surement module 210 may be based on the business and/or
economic requirements of the Enterprise, and may include
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actions defined by the Enterprise IT administrator for the
Enterprise users/user groups. The Existing Enterprise Infra-
structure 220, e.g., the proprietary Active Directory schema,
or policy definitions, may be leveraged through the Enterprise
Infrastructure API layer 218 to obtain the user/user-group,
authentication, and/or authorization information, and the
Enterprise policies associated with the users. Statistical and
other run-time information may also be maintained by the
Enterprise Policy Enabler 200, which may be used for audit-
ing purposes.

FIG. 3 is a flowchart describing a method 300 of processing
outbound traffic using an embodiment of an Enterprise Policy
Enabler. In FIG. 3, traffic from a data center or branch office,
e.g., branch office 201 of FIG. 2, passes through the Enter-
prise Policy Enabler gateway, e.g., Enterprise Policy Enabler
200 of FIG. 2, to access resources in the Cloud infrastructure,
e.g., Cloud 215 of FIG. 2. At block 302, the Enterprise Policy
Enabler may receive traffic at a selective redirector, e.g.,
selective redirector 202 of FIG. 2, from an Enterprise user
requesting access to resources residing in the Cloud infra-
structure. At block 304, the selective redirector may route
traffic to a secure proxy, e.g., secure proxy 204 of FIG. 2.
Once received by the secure proxy at block 306, the secure
proxy may decrypt the traffic if it is encrypted, and may send
the traffic in clear to a packet parser and validator, e.g., packet
parser and validator 206 of FIG. 2. At block 308, the packet
parser and validator may parse the data into opaque tokens,
validate the data packet, and collect statistical information on
the process. To accomplish these tasks and to record the
relevant results, the packet parser and validator may use a
runtime information and statistics data store, a secure identity
data store, and/or a user/policy cache data store, e.g., the
runtime information and statistics data store 224, the secure
identity data store 226, and the user/policy cache data store
228 of FIG. 2, as accessed through a database APl layer, e.g.,
the database API layer 216 of FIG. 2. The packet parser and
validator may send tokens to a rule engine, e.g., rule engine
208 of FIG. 2. At block 310, the rule engine may receive the
tokens and enforce business policies on the opaque tokens as
specified, e.g., by an Enterprise IT administrator or by a
Cloud resource, and may send traffic along to an adaptor, e.g.,
the adaptor 212 of FIG. 2. At block 312, the adaptor may
receive and modify the traffic as required and send the traffic
to a cloud abstraction layer, e.g., the cloud abstraction layer
214 of FIG. 2, for final processing. The cloud adaptation layer
may perform the API mapping and the required authentica-
tion/building of messages as required by the destination
Cloud adaptation, based on the policies selects a specific
Cloud. The cloud adaptation layer may forward the traffic to
the secure proxy, and at block 314 the secure proxy may
forward the data to the selected cloud infrastructure.

FIG. 4 is a schematic diagram of various components of an
embodiment of a control domain or control pool of an Enter-
prise Policy Enabler 400 configured to process data ingress
from a Cloud, e.g., traffic sent by the Cloud in response to a
request from an Enterprise user. The data center or branch
office 401, secure proxy 404, packet parser and validator 406,
rule engine 408, adapter 412, Cloud 415, database API layer
416, data store 422, runtime information and statistics store
424, secure identity store 426, and user/policy cache store 428
of FIG. 4 may be the same as the corresponding components
of FIG. 2. The secure proxy 404 may receive data ingress
from the Cloud 415, may decrypt the traffic if encrypted, and
may send the traffic in clear to a packet parser and validator
406. The packet parser and validator 406 may parse the data
into opaque tokens, may validate the data packet using a
secure identity data store 426 and/or a user/policy cache data
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store 428, and may collect statistics via a runtime information
and statistics data store 424, each contained within a data
store 422 accessible via a database API layer 416. The packet
parser and validator 460 may send opaque tokens to a rule
engine 408. The rule engine 408 may receive the tokens and
enforce business policies on the opaque tokens as specified,
e.g., by an Enterprise I'T administrator, and may send traffic to
an adaptor 412. The rule engine 408 may access and use the
information present in the secure identity store 426. For
example, the rule engine 408 may remove information from
the traffic that clearly indicates the particular Cloud 415
resource, e.g., header information, and replace such informa-
tion with a protected Cloud 415 identification (ID). By using
a protected Cloud 415 ID paradigm, the Enterprise Policy
Enabler 400 may render the Cloud 415 resources opaque to
one or more Enterprise users at the data center or branch office
401. The adaptor 412 may modify the traffic as required and
send the traffic to a destination Enterprise user at the data
center or branch office 401 via the secure proxy 404.

FIG. 5 is a flowchart describing amethod 500 of processing
traffic inbound traffic using an embodiment of an Enterprise
Policy Enabler, e.g., the Enterprise Policy Enabler 400 of
FIG. 4. In FIG. 4, traffic from a Cloud, e.g., the Cloud 415 of
FIG. 4, passes through the Enterprise Policy Enabler gateway,
e.g., Enterprise Policy Enabler 400 of FIG. 4, to a data center
or branch office, e.g., branch office 401 of FIG. 4. At block
502, a secure proxy, e.g., the secure proxy 404 of FIG. 4, may
receive traffic, e.g., data responsive to an Enterprise user
request, from the Cloud. At block 504, the security proxy may
decrypt traffic as required and send traffic in clear to a packet
parser and validator, e.g., packet parser and validator 406 of
FIG. 4. At block 506, the packet parser and validator may
parse the data into opaque tokens. The packet parser and
validator may communicate with a database API layer, e.g.,
database API layer 416 of FIG. 4, to access a secure identity
data store and/or a user/policy cache data store, e.g., the
secure identity data store 426 and/or the user/policy cache
data store 428 of FIG. 4, in order to validate the packet. The
packet parser and validator may collect statistics via a runtime
information and statistics data store, e.g., the runtime infor-
mation and statistics data store 424 of FIG. 4, likewise
accessed through the database API layer. The packet parser
and validator may pass packets to a rule engine, e.g., the rule
engine 408 of FIG. 4. At block 508, information contained in
the packet, e.g., session table information and/or parsed data,
may inform the rule engine which action(s) to take. For
example, if the data object was encrypted or compressed on
the way to the Cloud, the packet information may instruct the
rule engine to decrypt or decompress the data during retrieval.
The rule engine may take the designated action based on
information contained in the packet and send traffic to the
adaptor, e.g., adaptor 412 of FIG. 4. At block 510, the adaptor
may adapt the packet as appropriate based on the policies of
the Enterprise, e.g., API mapping and/or the required authen-
tication/building of messages as required by the destination
Enterprise. The packet may then be sent to the Enterprise user
via the secure proxy.

The network components described above may be imple-
mented on any general-purpose network component, such as
a computer or network component with sufficient processing
power, memory resources, and network throughput capability
to handle the necessary workload placed upon it. FIG. 6 is a
schematic diagram of a general-purpose network component
600 suitable for implementing one or more embodiments of
the components disclosed herein. The network component
600 includes a processor 602 (which may be referred to as a
central processor unit or CPU) that is in communication with
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10
memory devices including secondary storage 604, read only
memory (ROM) 606, random access memory (RAM) 608,
input/output (I/O) devices 610, and network connectivity
devices 612. The processor 602 may be implemented as one
or more general-purpose CPU chips, or may be part of one or
more application specific integrated circuits (ASICs).

The secondary storage 604 is typically comprised of one or
more disk drives or erasable programmable ROM (EPROM)
and may be used for non-volatile storage of data. Secondary
storage 604 may be used to store programs that are loaded into
RAM 608 when such programs are selected for execution.
The ROM 606 may be used to store instructions and perhaps
data that are read during program execution. ROM 606 may
be a non-volatile memory device that typically has a small
memory capacity relative to the larger memory capacity of
secondary storage 604. The RAM 608 may be used to store
volatile data and perhaps to store instructions. Access to both
ROM 606 and RAM 608 may be typically faster than to
secondary storage 604.

At least some of the features/methods described in the
disclosure may be implemented in a network apparatus or
component, such as a network node or unit, e.g., general-
purpose network component 600. For instance, the features/
methods in the disclosure may be implemented using hard-
ware, firmware, and/or software installed to run on hardware.
The network apparatus/component or unit may be any device
that transports frames through a network, e.g., a switch,
router, bridge, server, etc. FIG. 7 is a schematic diagram of'a
network unit 700, which may be any device or component that
transports and processes data through a network. For
instance, the network unit 700 may correspond to a router,
bridge, or switch in a network. The network unit 700 may also
comprise any suitable memory architecture. The network unit
700 may comprise one or more ingress ports or units 710
coupled to a receiver (Rx) 712 for receiving packets, objects,
or Type Length Values (TLVs) from other network compo-
nents. The network unit 700 may comprise a logic unit 720 to
determine which network components to send the packets to.
The logic unit 720 may be implemented using hardware,
software, or both. The network unit 700 may also comprise
one or more egress ports or units 730 coupled to a transmitter
(Tx) 732 for transmitting frames to the other network com-
ponents. The receiver 712, logic unit 720, and transmitter 732
may also be configured to implement or support the methods
300 and/or 500. The components of the network unit 700 may
be arranged as shown in FIG. 7, or according to any arrange-
ment suitable for carrying out one or more operations dis-
closed herein. Furthermore, it is to be understood that some
embodiments may include two or more network units 700, or
a separate general-purpose network component 600 working
in conjunction with one or more network units 700.

At least one embodiment is disclosed and variations, com-
binations, and/or modifications of the embodiment(s) and/or
features of the embodiment(s) made by a person having ordi-
nary skill in the art are within the scope of the disclosure.
Alternative embodiments that result from combining, inte-
grating, and/or omitting features of the embodiment(s) are
also within the scope of the disclosure. Where numerical
ranges or limitations are expressly stated, such express ranges
or limitations should be understood to include iterative ranges
or limitations of like magnitude falling within the expressly
stated ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12,
0.13, etc.). For example, whenever a numerical range with a
lower limit, R,, and an upper limit, R, is disclosed, any
number falling within the range is specifically disclosed. In
particular, the following numbers within the range are spe-
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cifically disclosed: R=R,+k*(R,~R ), wherein k is a variable
ranging from 1 percent to 100 percent with a 1 percent incre-
ment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5
percent, ... 50 percent, 51 percent, 52 percent, . . ., 95 percent,
96 percent, 97 percent, 98 percent, 99 percent, or 100 percent.
Moreover, any numerical range defined by two R numbers as
defined in the above is also specifically disclosed. The use of
the term about means +10% of the subsequent number, unless
otherwise stated. Use of the term “optionally” with respect to
any element of a claim means that the element is required, or
alternatively, the element is not required, both alternatives
being within the scope of the claim. Use of broader terms such
as comprises, includes, and having should be understood to
provide support for narrower terms such as consisting of,
consisting essentially of, and comprised substantially of. All
documents described herein are incorporated herein by ref-
erence.

While several embodiments have been provided in the
present disclosure, it should be understood that the disclosed
systems and methods might be embodied in many other spe-
cific forms without departing from the spirit or scope of the
present disclosure. The present examples are to be considered
as illustrative and not restrictive, and the intention is not to be
limited to the details given herein. For example, the various
elements or components may be combined or integrated in
another system or certain features may be omitted, or not
implemented.

In addition, techniques, systems, subsystems, and methods
described and illustrated in the various embodiments as dis-
crete or separate may be combined or integrated with other
systems, modules, techniques, or methods without departing
from the scope of the present disclosure. Other items shown
ordiscussed as coupled or directly coupled or communicating
with each other may be indirectly coupled or communicating
through some interface, device, or intermediate component
whether electrically, mechanically, or otherwise. Other
examples of changes, substitutions, and alterations are ascer-
tainable by one skilled in the art and could be made without
departing from the spirit and scope disclosed herein.

What is claimed is:

1. A method for controlling access to a plurality of cloud
networks, wherein the method is implemented in a gateway
with a cloud interface and an enterprise interface, and
wherein the method comprises:

establishing an enterprise session with an enterprise user

via the enterprise interface to obtain an enterprise secu-
rity key unique to the enterprise user;
establishing a cloud session with a first of the cloud net-
works via the cloud interface to obtain a cloud security
key unique to the gateway and the first cloud network;

creating an enterprise session to cloud session mapping by
mapping the enterprise security key to the cloud security
key;

storing the enterprise session to cloud session mapping in a

secure key store located in the gateway;

receiving a packet comprising the enterprise security key

from the enterprise user via the enterprise interface;
replacing the enterprise security key in the packet with the
cloud security key; and

forwarding the packet comprising the cloud security key to

the first cloud network via the cloud interface,

wherein the cloud security key is not provided to the enter-

prise user to prevent the enterprise user from obtaining
direct access to the first cloud network.

2. The method of claim 1, wherein the secure key store is
configured for storing keys specific to a plurality of enterprise
users, keys for interfacing with the plurality of cloud net-
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works, and session mappings between the enterprise user
keys and the cloud network keys.
3. The method of claim 2, further comprising:
monitoring performance data associated with the plurality
of cloud networks based on packets received from the
cloud networks, wherein the performance data includes
at least one of load factor, response time, latency, time of
day, cost, available bandwidth, public accessibility, net-
work loss, gating speeds, and resource security; and

selectively distributing resource requests from the plurality
of enterprise users to the plurality of cloud networks
based on the performance data.

4. The method of claim 1, wherein the packet from the
enterprise user comprises a destination address associated
with a first destination, and wherein the method further com-
prises changing the destination address from the first desti-
nation to a second destination associated with one of the
plurality of cloud networks such that the destination address
change is opaque to the enterprise user.

5. The method of claim 1, further comprising applying a
policy to the packet prior to forwarding the packet to the first
cloud network, wherein the policy is selected from a group
consisting of: encryption, compression, optimization, traffic
steering, traffic distribution, de-identification, and re-identi-
fication.

6. The method of claim 1, further comprising:

receiving traffic from at least one of the cloud networks via

the cloud interface, wherein the traffic comprises the
cloud security key and a destination address associated
with the enterprise user;

replacing the cloud security key with the enterprise secu-

rity key; and
forwarding the traffic to the enterprise user.
7. The method of claim 1, further comprising:
evaluating contents of the packet based on at least one
metric selected from a group consisting of: size, confi-
dentiality, protocol compliance, and threat potential; and

applying a policy on the packet based on results of the
evaluation prior to forwarding the packet.

8. The method of claim 1, further comprising:

evaluating the packet based on information specific to the

enterprise user, wherein the information specific to the
enterprise user is selected from a group consisting of:
user geographic location, user identity, user-group iden-
tity, user access type, user device type, and user-re-
quested resource; and

applying a policy on the packet prior to forwarding the

packet.

9. A method for exchanging data between an enterprise
user and a plurality of cloud networks, wherein the method is
implemented in an enterprise policy enabler with a cloud
interface and an enterprise interface, and wherein the method
comprises:

establishing an enterprise session with the enterprise user

via the enterprise interface to obtain an enterprise secu-
rity key unique to the enterprise user;

establishing a cloud session with the cloud networks via the

cloud interface to obtain a cloud security key unique to a
private cloud network;

creating an enterprise session to cloud session mapping by

mapping the enterprise security key to the cloud security
key;

storing the enterprise session to cloud session mapping in a

secure key store;

receiving a packet from the enterprise user via the enter-

prise interface, wherein the packet comprises the enter-
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prise security key and a request for access to at least one
resource associated with a public cloud network;

modifying packet data to modify the request based on at
least one policy associated with the plurality of cloud
networks, wherein modifying the request comprises
replacing the enterprise security key with the cloud secu-
rity key based on the enterprise session to cloud session
mapping; and

forwarding the packet to a resource of the private cloud
network via the cloud interface,

wherein the modifying the request based on the policy
comprises redirecting the packet from the public cloud
network to the private cloud network based on a deter-
mination that the policy prohibits access to the public
cloud network resource due to confidential data stored in
the packet data.

10. The method of claim 9, further comprising:

receiving a second packet from a second enterprise user,
the second packet comprising a second request for a
third resource;

modifying packet data of the second packet to modify the
second request based on a second policy associated with
the plurality of cloud networks; and

selecting the second policy based on information specific
to the second enterprise user,

wherein the information specific to the second enterprise
user is selected from a group consisting of: user geo-
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graphic location, user identity, user-group identity, user
access type, user device type, and user-requested
resource.
11. The method of claim 9, further comprising selecting the
at least one policy based on information specific to the public
cloud network resource or the private cloud network resource,
wherein the information specific to the public cloud network
resource or the private cloud network resource is selected
from a group consisting of: load factor, response time,
latency, time of day, cost, available bandwidth, public acces-
sibility, network loss, gating speeds, and resource security.
12. The method of claim 9, wherein the at least one policy
is selected from a group consisting of: encryption, compres-
sion, optimization, traffic steering, traffic distribution, de-
identification, and re-identification.
13. The method of claim 9, further comprising:
receiving traffic from the private network via the cloud
interface, wherein the traffic is associated with the enter-
prise user’s request for the public cloud resource;

modifying the traffic based on at least one policy associated
with an enterprise network associated with the enter-
prise user, wherein modifying the traffic comprises ren-
dering redirection of the enterprise user’s request for the
public cloud resource opaque to the enterprise user by
modifying traffic address information; and

sending the traffic to the enterprise user via the enterprise

interface and the enterprise network.
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